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A TIME/FREQUENCY CALIBRATOR 
OF IMPROVED STABILITY 


The Unit Time/Frequency Calibrator, 
Type 1-213/ * is a unique instrument. 
iSelclom have seven electronic tubes done 
so much in so small a package and at so 
low a cost. In less than H cubic foot it 
provides all the functions of a secondary 
standard. 

The circuitry and the design of this 
compact little instrument have received 
a continuing attention, both in our own 
laboratories and among our customers, 
with the result that its performance has 
been periodically improvixl as new 
methods and components became avail¬ 
able. The latest design, Type 1213-D, 
(‘mbodies a new quartz crystal and its 
associaUnl o.scillator circuit, together 
with an improved 10-1 Me multivibrator. 
With these improvements, the short- 
time stability of the output frequencies 
is increased by a whole order of magni¬ 
tude and is now better than 1 part in 10^. 

The new circuit and design features 
are des<*ribed in this article; tlie balance 
of the instrument is identical with that 
described in reference 2. 

*Hobr.rt B. Birhnioml,-’The f’nit rr>’!«lal Otwrillator,** 
Gmrral Radio Expen'mtmtrr, Fehnitirj’. IBM. 

»H. W. Frunk. F. D. Uw-is. -The Type I21.‘l-C Unit 
Time/Freriuenry Calibrator,” General Radio Experi¬ 
menter, June 1956. 


BASIC CIRCUIT SYSTEM 
AND ITS FEATURES 

Figure 2 is a block diagram of the 
redesigned instrument. The circuits con¬ 
sist of a o-Mc oscillator and frequency 
doubler, which can be set against WWV 
by use of a radio receiver or against 
a local standard. Three multivibrators 
are uschJ to produce the standard fre¬ 
quencies of 1 Me, 100 kc, and 10 kc, 
which are available at a cathode follower 
for time calibration. The four standard 
frequencies also generate harmonic sj^ec- 
tra which can then be fed to external 
systems for calibration or mixed with 
externally generaUnl signals to produce 
a beat note within the instrument for the 
calibration of externally produced rf sig¬ 
nals. Thus, the instrument can be 
used to: 

1. Calibrate the time axis of oscillo¬ 
scopes. 

2. Calibrate receivers in frequency. 

3. Control the timing of external 
systems. 

4. Calibrate oscillators by either Lis- 
sajous figures or zero-beat techniques 
at any frequency from 10 kc to at least 
KKX) Me. 


Figur* 1. Panel view of the Type 1213>D Unit Time/Frequency Calibrator with Type 1203-B Unit Power Supply. 
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5. Calibrate (and monitor the eali- 
bration of) high-freqiioncy oscillators on 
any frequency to a high degree of accura¬ 
cy. In this application a standard signal 
generator is fu'st calibrated by the 
standard frecpieiicies and then used to 
permit precise olTset of the harmonic 
series. 

The performance of this instrument 
hinges, as with any frequency standard, 
upon the short-term frequency stability 
of the o.scillator. In most crystal oscil¬ 
lators the chief factor atTecting the sta- 
l)ility is temperature. To minimize fr<*- 
quency changes caused by temperature, 
two methods are availabh'. One is the 
use of a temperatur(M*ontrolled oven, 
the other the use of a crystal with an 
adequately low temperature coefficient 
of frequency. 

The conventional method is to con¬ 
trol the tem])erature of the crj'stal. Tn- 
less elaborate ovens are used, how(*ver, 
the temperature of the crystal will cycle, 
resulting in cyclic variations of frt^ 
(luency. If cost or size is important, 
small ovens, usually with bimetallic 
thermostats, must lieused. Temperature 
cycling is of the order of dr 1®(\ with re¬ 
sulting periodic frecjuency variations of 
as much as 1 ppm. 1’he cycling elTect is 
particularly undesirable when the unit 
is to !)(• tised as a transfer o.scillator with 
reference to W’WV, lu'caiise the rate of 
variation can be as great lus I ppm per 
minute. 

'I'he second met boil reciuires that t he 
crystal have a low lemperatuie coetTi- 
cient of frequency over the entire con¬ 
templated range of operating tempera¬ 


ture. Because there is no temperature 
cycling, there will be no rapid changes 
in frequency. .Vfter thermal equilibrium 
has been reacIuHi, the temperature of 
the crystal can be made (piite stable 
over short periods of time. This short¬ 
term stability can be increased by the 
addition of thermal inertia to thecrvstal 
unit. Stabilities of a few parts in lO^ per 
minute are jwssible with a temperature 
coefficient of I in H//°C for the crystal. 

Another design objective is the reduc¬ 
tion of warm-up drift. This can be met 
if the crystal is kept at ambient tem¬ 
perature or if the crystal temp(Tature 
rise i.s kept very low. I'he high compo¬ 
nent density of modern vacuum-tube 
instruments makes this <lifficult without 
the u.se of forced air cooling, and forced 
air cooling materially adds to size, noise, 
weight, and cost. The use of transistors 
would reduce the temperature rise, but 
at present their higher cost will not per¬ 
mit their use in low-priced instruments. 
As a conse(|uence. the crystal should 
have a very low t(‘mperature coefficient, 
not oidy over its (jperating range, but in 
hs warm-up range* as well. 

'fhe crvstal for the Typk I213-D Unit 
Time, Frequency C^dibrator wjus de*- 
sign<*d for an operating range of 2()-(>0°C\ 
After thermal equilibrium has been 
reached, the crystal t(*m]>crature is a|>- 
pro.ximately 20°C' higher than the am¬ 
bient. This determines an operating 
ambient range for the instrument of 
0°C to -I0°C\ Figure 4 shows the fre- 
quency-versus-t emperature characteris- 
tics of tin* crystal. The solid line sIk)ws 
the ideal design characteristics. The 


Figure 2. Block diagram of the calibrator. 
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dotte<i lines show the iipj)er and lower 
extr€*n\(*s due to manufacturing toler¬ 
ances. The temperature coelficient is 
small at tcmiK‘raturt‘s down to ()®C\ 
which fulfills the requirements for low 
warm-up drift from the low(*st arnhient 
temperalure for which the instrument 
is operative. An additional recpiirenn'nt 
is that the crystal activity should he 
constant over the entire t4‘mperature 
ranpe. This combination 4if rcHiuire- 
ments makes th<* manufacture 4if the 
crystal unit (piite difficult; in fact, in 
s<»me inslanci's dips in activity near ()®(’ 
(‘annot Ik‘ avoided. The activity is <*shimi- 
lially constant alK)ve 5°(\ rids means 
that, if the instrument is turne<l on at 
amhi(‘iit, the os<*iIlator may not 
start until the crystal has warmcMl up to 
over 5®C. 'I'his will renpdre alsHit 5 to 
10 minutt's of warm-up time, 'riierinal 
iH|uilihrium will \>o reacheil in al>oul 1 
hour. Thermal insulation around the 
crystal unit was added to eliminate rapid 
chatit'4's in cr\^tal temperature causcnl 
by drafts. This improvtnl tin* minuU‘-to- 
ininute stability by about one order of 
mat?nitude. 

It h:is Ihhmi pointed out above that 
the teinpiTatun* rise at the crystal is 
alM)Ut 20'’(^ owing to the |K)wer dis.si- 
pated within the instrument. In the 
switching provddeil for the several func¬ 


Figur* 3. EUmantory schematic of tho crytfol os¬ 
cillator. 



tions of the instrument, loads are 
substitutcxl for circuits not active, so 
that the U)tal |)ower input to the instru- 
immt remains constant. 

The plate supply of the os<‘illalor is 
regulated t^i reduce the (‘fTeitt of dzl0% 
line-voltage variations to an equivalent 
frequency shift of less than 5 x 1()‘^ 
when the inc’xpensive Type* 1203-B rnit 
Power Supply is us(*d. 

With the newly (h*sigtied oscillator 
and crystal, the over-all stability of the 
unit is better than 10 ppm for six 
months, and when this accuracy is adi^- 
(piate, no calibration against a pnrise 
standard is niH*essary. If higher accuracy 
is nee<Jed, the crystal can be calibrated 
against standard-fre(|uency radio trans¬ 
mission (WW\’), or another frequency 
standard f>f ade(|uate aciairacy, immeiii- 
ately l)efore its use. With this transfer 
method, frecjiienry measurements and 
calibration to alKMit 2 x 10^ are prac¬ 
tical. 


CIRCUITS 

Oscillator and Buffer 

A r>-Mc crystal controls thejre(|uency 
of a triode oscillator formed by the 
screen grid, control grid, and cathode of 
a pentfKle. A panel control for frequency 
is calibratiMl in ppm incremental fn*- 
qucncy change. Wlu'ii unknown fn*- 
quencies near z<'ro lM‘at an» being meas- 
ureil, it is convenient to deviate the 


Figure 4. Frequency-vs-temperoture characteristics 
of the crystals, showing tolerance limits. 
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crystal oscillator frequency slightly with¬ 
out disturbing its basic frequency set¬ 
ting. For tliis purpose, a “touc.h-l)iit- 
ton" is providcxi on the front panel. 
Touching this button witli (he liand de- 
creast's the oscillator frequency slightly 
and pcTmits a si^nse determination of the 
beat note. The plate circuit of the os¬ 
cillator stag(‘ is tuned to 10 Me and 
drives a biifTer-limiter. The buffer pro¬ 
vides constant output voltage even if 
the oscillator output changes due to 
changes in crystal activity. The buffer 
output isadjustai)le by means of a screen- 
grid voltage control to permit precise set¬ 
ting of the synchronizing voltage for the 
10:1 freqiiencry-dividing multivibrator. 

Frequency-Dividing Multivibrator 

The lO-Mc butfer drives either an 
output circuit (in the 10-Mc switch po¬ 
sition) or the 1-Mc multivibrator. The 
multivibrator design originated for the 
Type 1213-C‘ has been improved for the 
I) model. The original tube has been re¬ 
placed by a new framc^grid type, and 
the circuit has been completely rede¬ 
signed to permit the ma.\imum possible 
tube aging before a failure of the multi¬ 
vibrator by miscounting occurs. 

The multivibrator circuit is shown in 
Figure 5. In the .June IDob issue of 
the Experiinenter, the design of fre¬ 
quency-dividing multivibrators for max- 


Figure 5. Elenientary schematic of the 10«1 Me multi¬ 
vibrator. 



imum stability against tube and com- 
IX)nent aging was discussed, including the 
general problem of proper circuit design 
for optimum stability at lower frequen¬ 
cies. Additional factors not previously 
considered are important in the higher 
frequency divider circuits, where the 
high values of plate load resistors neces¬ 
sary for “hard-bottoming’' cannot be 
usecJ, Itecause recov^ery time would bt* 
too great. Let us consider a typical mul¬ 
tivibrator ilesigned to <Ii\ide some higher 
fre(|uency down to 1 Me. This multi¬ 
vibrator must have a free-running fn^- 
quency near 1 Me, and, if the circuit is 
symmetrical, the plate voltage of the 
“off" side must rec<3ver to nearly th(* 
plate supply voltage (.say four time con¬ 
stants) in on(!-half microsecond. A real¬ 
istic value for the distribute<l capaci¬ 
tance at a multivibrator ])late consisting 
of (he plate capacitance, the load capa<*i- 
tance, and the grid capacitance referred 
to the plate is about 40 pf. With this 
value of capacitance, the maximum load 
resistor determinetl by the recovery 
time constant will be 4000 ohms. 

With a load rt‘sistor of this magnitu<le. 
the classical circuit is very sensitive to 
changf's in the tube cathode emission. 
For e.xample, let us as.sume that th(‘ 
tube in the circuit of Figure o is a high 
performance triode with an initial Vp of 
3000 ohms. The total resistance of the 
tube plus the plate load will be 7000 
ohms, and a 10% change in current (and 
h(‘nce the drop across the plate load re¬ 
sistor) will be occasioned if the tube r,, 
rises to 3700 ohms (23%). This will cer¬ 
tainly cause failure of even an optimally 
ailjusted multivibrator. In the new mul¬ 
tivibrator dcvsign of Figure 5, the char¬ 
acteristics of the vacuum tube are stabil¬ 
ized by negative feedback. The large 
value of cathode resistance, caust's 
the Tp variations to be swamped by the 
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Figur* 6. Worm-up choractttristics of th« instrument with two diff«rttnf crystals, ono having its zoro>tomperature> 
coofRciont point ot 36~C, tho other at 40 C. Note that time in hours runs from right to left. 


fcMHjhafk, and the tube drives its plate 
load rt*sistor as a stabilized current 
source. Instead of Tp as a variational 
quantity, therefore, we have fp plus /?* 
(l-f-M), and lH)lh Rif and are relatively 
stable witli apin^. This condition is 
valid as long as the tube remains in the 
negative grid region. 

The diodes in the gritl circuit, D-1, 
D-2, are ret urnetl to a source impcMlance 
low with n^siKH't to the grid timing re¬ 
sistors. and thus they hoUl the grid in 
the negative rt»gion. With this connec¬ 
tion the 1-Mc multivibrator can be 
stal)ilized to U‘ss than a 5% frequency 
shift with a doutding (100% cliange) of 
Pp. Plate current stabilization feedback, 
however, exacts a price. The perform¬ 
ance of a new tube has been reduccnJ to 
that of an agfnl tube in order to obtain 
reliability. This general circuit techni(|ue 
can Ik* applied to all sorts of pulse cir¬ 
cuits in which the end value of plate 
current is of importance, but in os4*illa- 
tory circuits such as the frei*-ninning 
multivibrator, the loop gain may often 
be insuHicient to permit self-oscillation. 
In fact, a lrigg(*r or transient may have 


to be supplicnl lK»fore the circuit will 
operate at all. Such a characteri.stic can 
Ik? a distinct advantage in frcxpiency- 
dividing multivibrators b(»<*au.se, before 
the tube has aged sufficiently to cause a 
multivibrator division error, the circuit 
will simply not operate at all. 

APPLICATIONS 

Wlien the Time Frt'quency Calibrator 
is used as an iude|M*ndent standard, its 
over-all accuracy is alniut 10 parts per 
million. When .standardizfHl iigainst 
WW\' radio transmi.ssion.s or other 
known standard, accuraci(*s comparable 
with that of tin* r<*ference stamlard can 
be attained, that is, a few parts in 10^. 
When the instrument is calibrated be¬ 
fore each m(*asuremeut, the accuracy is 
determine<l by the short-term stability 
of the crystal «)s<*illat<»r, the effects of 
switching, and external connections. The 
total error from tht*s(* .sourci's will be less 
than 2 x 10*". 

With this instrument, oscillators and 
receivers can be calibrateil at lO-Mc 
intervals up to at hast 1000 Me, at 1-Mc 
intervals up to oOO Me, at lOO-kc inter- 


Figuro 7. Short«t«rm itobilily record of tho crystal oscillator. Total change in one minute is less than 6 parts 

in 10*. 


SHORT-TERM STABILITY RECORD ' 

- ^ ^ 

_ 

^ “ 

^ ; 1 

FREQUENCY ^ 1 X 10*® 1 


1. !_p _j 

T * ^ 

1 1 1 

! :■ 1 i 

TO ' 65 60 55 50 45 40 35 90 2 

5 ^16 111^ 10 8 5 


SECONDS 
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vals up to 100 Me, and at 10-kc inter¬ 
vals up to 10-Me. 

If the frorpieney U) he measurt*d is not 
a multiple of a standard harmonic, a 
double transfer system can he uschI. A 
heat note of the unknown frequency and 
the nearest standard harmonic is of)- 
tained and then compared against a 


calihrate^^ variable low-fre(iuency oscil¬ 
lator. An accuracy of a few parts in 10^ 
is ]X)ssible up to 100 Me. This method 
has been desi'rihwl in detail elsewhere.* 
— H. W. Fhank 

M. P. Str.atemkyek 

A. (’ady, W, P. Ruii«'k, “FriHiuonoy Mraoureiupnis 
in lh«* Broadmitt Kiold," TrehnienI Pubtiraiion B-tO, 
CJcncral Radin Company. (Oipios B\niitahto on miueat.) 


SPECIFICATIONS 


Output Fr»qu«nci«t: 10 Mc, I Mc, 100 kc, 10 kc. 
Output Amplitudes: 10 Mc: 5 V fw:ik-t(>-|)CHk; 
30 V |K*iik-to-|K‘jik lit lower output frequeni'icn 
from pulse iimplifier; rf Imrinoiiie.s tLsiihle to 
1000 Me from 10-Me output, Pi 5(K) Me from 
I-Me output, til 100 Mi' fnjui 100-ke output, 
and to 10 Me from 10-kc output. 

Output Impedance: VuliMi «'athodi*-follo\ver, 3(X) 
ohms; rf output obtained from erystal-diode 
harmonic R«*nenitor. 

Frequency Stability: 

1. Temperaturf 

a. Warm-uo Chanu'teristiea: 

For amnii'iit ti'mjx'rature.s of 25®C, or 
oVi*r, the warm-up drift will not exeisal 
—2 X 10*^ •'‘’C. With ambient 0—10°C erystiU 
may not operate until in.strument attains 
operatiiiK tem|M'rature. Minimum o(K'ratinR 
ambiiMit 0°C. 

b. OperntitiK Charaeteristies: 

In ambient raiiRe 20-40'’C, th«'oscillator 
drift Is between —1 x 1(H and -f2 x 

1(W/«C. 

2. Line VoUagr EffecU 

Momi'iitiuy' line ViiltiiR** chanKe.s of dt 10% 
affect frequency by less thiui 5 x 1(H*. Chanjr* 
iiiK line voltajti* will affect fnapieney p<T 


temix'rature s|H'eifieation almve. (±10% line 
will change temiMTature ±4“C.) 

3. Switching nrui Londiftg Effecte 

The i*ombin<‘d «*ffeirts of switching and 
loading ilue tti i'Xternnl <*onneetion.*i are le.ss 
than 1 X 10-". 

Sensitivity: Usable beat noU*s cati be produced 
with 50 millivolt.s signal input to mixer over the 
harmonic rang<*s sjiecificd nlxive under “Out¬ 
put amplitudes.” 

Tubes: One each 0.\Kri. li.MIOW.V ♦>922. I>AN8, 
Ill’s; two 5904. 

Power Required: 0.3 V ac, 3 unij); 300 v dc, fiO 
ma. Tvpk 1203-U Unit Power Supply is recom- 
mendtHl. 

Accettories Supplied: Typk 1213-PI Differenti¬ 
ator, Tvpk s 74 Coaxial Connector, aiul miilti- 
|K>int connector. 

Mounting: Ahuniiium panel and side.s finished 
in gray; aluminum cover hnishcil in clear lat*- 
ciuer. Relay rack panel (Tvpk 4SO-P4U3) ia 
available for mounting lioth calibrator and 
fKiw'er supply. 

Dimentiont: Width IOI 2 , height 5^4, di'pth 7 in., 
over-all. 

Weight: 4 lb., 10 OZ. 


Tupe Coile Word Price 

1213-0 Unit Time/Frequency Calibratar*. I RKHKK $310.00 

1203-B Unit Power Supply. ' .\L1VK 40.00 


•I . S Petent 2.>4S,4A7; lir('it>tsl undrr patcniA of thr .\iitcri«'nn Tolfphom* and Ti'leip’iipli Co , of liNdio Cor* 
liorution of Anii>rira, nnd of (». W, Pirrer (prrtniniiiK to pirRo rlrctrir t*ryi«tnU and aAMictat«>u cirruitti). 


SEE THEM AT THE SHOWS 

Many of the now (lonoral Radio instnimonts that yon havo boon reading about 
in the Exjh nmfritrr will bo displayed at technioal meetings this fall. 

(iR Bind It Xutnhrr 

177, 178, 179 
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l^lare 

Chicago 

Atlanta 

Boston 


Date 

Oct. 12-14 
Nov. 9-11 

Nov. 17-19 


MvHing 

National Electronics Conference 
4th Instrumentation Conference 
Northeast Electronics Research 
and Engineering Meeting 
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